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I 
摘要 
 当前，随着计算机科技和生物信息工程技术的发展，电子游戏被越来越多的
结合到脑-机接口（BCI）系统中去。结合BCI技术的电子游戏已经开始广泛应用
于认知科学领域，很多学者都致力于利用电子游戏来训练增强人的注意力状态。
基于BCI技术的电子游戏当前已经成为一种有效的注意力训练手段。然而，他们
的电子游戏缺乏反馈机制和适应性，系统并没有根据玩家即时的表现来实时调整
游戏任务和游戏难度。另外，他们的实验中很少有结合行为学数据和电生理信号
来评估被试的注意力状态。 
 基于此，我们在本文中设计了一款基于BCI的多任务适应性注意力训练增强
系统:CarRec。CarRec是一款在Unity3D游戏开发平台上开发的3D赛车游戏，同时
它也是一款多任务游戏，它不仅包含传统赛车游戏的任务，也包含了一些认知任
务。我们在该游戏中引入了神经反馈机制，系统会根据玩家在前一段时内的表现
来自动调整下一个时间段的任务难度和任务出现的频率。在游戏训练结束后，我
们结合脑电信号分析结果和行为学数据分析结果来综合评估被试的注意力状态。
对于脑电信号的分析，我们先对脑电信号进行滤波和特征提取，然后我们再用偏
侧化的方法来分析被试电生理方面的注意力状态。同时我们也使用行为学量表来
从行为学的角度评估被试的注意力状态。最后我们再结合脑电数据分析结果和行
为学数据分析结果综合分析被试的注意力状态。实验结果表明，通过该系统一段
时间的训练，正常被试和患有焦虑症被试的注意力状态都有所增强。 
 这项研究是通过游戏训练来训练增强被试的注意力状态，并且使用生理学和
行为学上的分析手段来评估被试的注意力状态。研究结果表明了该注意力增强训
练系统可以增强被试的注意力。这为注意力辅助训练提供了新的理论依据和新的
思路。 
 
关键词：注意力增强，多任务，BCI游戏，自适应性
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Abstract 
At present, with the development of computer science and bioinformatics 
engineering technology, video games are combined with Brain Computer Interface 
(BCI) system. BCI video game has been widely used in the field of cognitive science, 
many scholars are committed to using the video games to enhance subject's 
attentional states. The video games based on BCI technology has become an effective 
way of attention enhancement training. However, theirvideo games are lack of 
feedback mechanisms andadaptability, and these systems cannot adaptivelyadjust the 
task difficulty of the game based on the performanceof subjects by analyzing subjects’ 
behavioral data inreal time. In addition, they rarely use the experimentscombined 
behavioral with cognitive psychology to evaluatethe attentional states of subjects. 
In this paper, we designed a BCI-based multitasking adaptive attention training 
enhancement system: CarRec. CarRec is a 3D racing game developed on the Unity3D 
game engine development platform, and it is a multitasking game that includes tasks 
of traditional racing game and a lot of cognitive tasks. Our game introduced a neural 
feedback mechanism, the system dynamically and adaptively adjusts the difficulty of 
game tasks according to the subjects’ performance. And we also combined the EEG 
data analysis results and behavioral data analysis results to comprehensively analyze 
the subjects' attentional states. For the analysis of EEG signals, we first filter and 
extract the EEG signals, and then we use the method of lateralization to analyze the 
attentional states of the subjects. At then, we also use the behavioral scale to analyze 
and evaluate the attentional states subjects. Finally, we combined the EEG data 
analysis results and behavioral data analysis results to comprehensively analyze the 
subjects' attentional state.Experimental results show that through the system for some 
time training, the attentional states of control subjects and subjects with anxiety 
symptoms have been enhanced. 
The study was conducted through game training to enhance the attention state of 
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the subjects and to use physiologic and behavioral analysis to assess the subject's 
attention. The results show that the attention enhancement training system can 
enhance the attention of subjects. This system provides a new theoretical basis and 
new ideas for attention-assisted training. 
 
Keywords: Attention enhanced, Multi-task, BCI game, Adaptivity 
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